The prevention of spoilage by Alicyclobacillus acidoterrestris is a current challenge for fruit juice and beverage industries worldwide due to the bacterium's acidothermophilic growth capability, heat resistance, and spoilage potential. This study examined the effect of storage temperature on A. acidoterrestris growth in hot-filled orange juice. The evolution of the A. acidoterrestris population was monitored under six different storage conditions after pasteurization (at 92°C for 10 s), maintenance at 85°C for 150 s, and cooling with water spray to 35°C in about 30 min and using two inoculum levels: <10 1 and 10 1 spores/ml. Final cooling and storage conditions were as follows: treatment 1, 30°C for the bottle cold point and storage at 35°C; treatment 2, 30°C for 48 h and storage at 35°C; treatment 3, 25°C for the bottle cold point and storage at 35°C; treatment 4, 25°C for 48 h and storage at 35°C; treatment 5, storage at 20°C (control); and treatment 6, filling and storage at 25°C. It was found that only in treatment 5 did the population remain inhibited during the 6 months of orange juice shelf life. By examining treatments 1 to 4, it was observed that A. acidoterrestris predicted growth parameters were significantly influenced (P < 0.05) either by inoculum level or cooling and storage conditions. The time required to reach a 10 4 CFU/ml population of A. acidoterrestris was considered to be an adequate parameter to indicate orange juice spoilage by A. acidoterrestris. Therefore, hot-filled orange juice should be stored at or below 20°C to avoid spoilage by this microorganism. This procedure can be considered a safe and inexpensive alternative to other treatments proposed earlier.
The first Alicyclobacillus sp. discovered was isolated in 1982 from spoiled apple juice aseptically packed in Germany and was considered at that time strictly limited to thermophilic and acidic environments (5) . The spoilage of fruit juices by Alicyclobacillus is characterized by "off" flavors (medicinal or phenolic) due to guaiacol, 2,6-dibromophenol, and 2,6-dichlorophenol (20, 32, 25) . As the spoilage does not show any evident signs like swelling of the container or any overt changes in the fruit juice (e.g., pH or turbidity), it is often not recognized until the packages are opened, the product is tasted, and consumer complaints are received by the manufacturer (6) .
Alicyclobacillus acidoterrestris, Alicyclobacillus cycloheptanicus and Alicyclobacillus acidocaldarius were the first three species described when the Alicyclobacillus genus was created in 1992 (31) . Although there are currently more than 15 species described (27) , only four Alicyclobacillus species (A. acidoterrestris, A. pomorum, A. herbarius and A. acidophilus) have shown the ability to produce off flavors in fruit juices or beverages (5, 13, 9, 1) . Of these, A. acidoterrestris is considered the most important spoilage species within the Alicyclobacillus genus either by its frequency of occurrence or by its linkage to the spoilage problems of fruit juices and beverages. The broad temperature range for A. acidoterrestris growth (25 to 60°C) (33, 21, 20, 30, 11) , its ability to grow under acidic environments (pH 2.5 to 6.0) (20, 30, 19, 22, 6) , and its high heat resistance in orange juice (D at 95°C of 2.7 min) (8) together provide adequate conditions for both survival through pasteurization and growth during juice storage.
A. acidoterrestris growth and the consequent orange juice spoilage can lead to enormous economic losses; therefore, this microorganism is currently considered a major challenge for the fruit juice industries. It is known to be difficult, if not impossible, to guarantee the absence of Alicyclobacillus spores on the surface of fruits used to make juices since the soil is the primary niche of Alicyclobacillus spp. (7) . Subsequently, control measures such as avoiding fruit contact with soil and the use of sanitizers during the fruit washing step before crushing have been studied (16, 12) . In addition, fruit juice producers need to better control the pasteurization conditions and to redesign their thermal processes for targeting Alicyclobacillus spp. (28, 24) . However, the limited effectiveness of sanitizers against Alicyclobacillus spores and the sensory and nutritional problems that may arise from increased time and temperature regimes in pasteurization are recognized. Since the complete inactivation of Alicyclobacillus spores from raw materials may not be feasible and since juice spoilage by this microorganism depends on the germination of spores and outgrowth, studies reporting conditions that avoid spoilage by controlling Alicyclobacillus spore germination are necessary. The best option to manage the challenge that Alicyclobacillus presents to the fruit juice industries will be one that results in the fewest alterations in processing and storage conditions, preserves the nutritional and sensory aspects of the final products, does not impact production costs and commercial practices, and at the same time ensures the control of the microorganism.
In the fruit juice industry, two main types of thermal processes are commonly applied: pasteurization followed by a hot-fill process or pasteurization followed by a cold-fill process (6) . In the former, after the product is heated to Ͼ90 to 95°C, it is held hot for 15 to 20 s. As the temperature decreases to 82 to 84°C, the product is filled into the package. Next, the product is held for approximately 2 min before the packages are cooled to room temperature. Hot filling has been extensively used in the manufacturing processes of fruit-based drinks and beverages, but problems due to spoilage caused by Alicyclobacillus may arise during fruit juice shelf life. This is due to the extended time that the product is maintained at temperature conditions adequate for the germination and outgrowth of acidothermophilic spore-forming microbes. Despite several studies regarding the factors that affect A. acidoterrestris growth and heat resistance (12, 18, 2, 29) , there is a lack of research on the effects of hot-filled fruit juice storage conditions on A. acidoterrestris growth during juice storage. Thus, this study aimed at estimating and comparing the growth parameters (maximum population ratio, ; lag time, ; and maximum growth rate, ) of A. acidoterrestris survival in hot-filled orange juice that was cooled and stored under several conditions that simulate industrial and commercial practices. Primary growth parameters were estimated by using the Baranyi predictive model (3). Additionally, orange juice cooling and storage conditions that avoided germination, growth, and guaiacol production by A. acidoterrestris CRA 7152 were determined.
MATERIALS AND METHODS
Orange juice. Frozen concentrated orange juice (pH 3.8 and 66.17°Brix) supplied by a Brazilian orange juice producer was reconstituted to 11°Brix, pH 3.5, with sterile distilled water.
Microorganism and spore suspension preparation. The A. acidoterrestris CRA 7152 strain (recognized as a guaiacol producer) was provided by Danisco Cultor. For preparation of the A. acidoterrestris spore suspension, vegetative cells were initially grown in six plates containing potato dextrose agar, pH 4.0 (Oxoid), and incubated at 45°C for 5 days. Grown cells were then collected from the plates with sterile glass rods with 6 ml of sterile distilled water per plate and transferred to three sterile screw-cap tubes (16 by 250 mm). Spores were activated at 80°C for 10 min, followed by fast cooling in an ice bath until room temperature was reached (12) . An aliquot (0.2 ml) of activated suspension was inoculated into 100 glass bottles (290 ml), each containing 70.0 ml of solidified and slanted A. acidocaldarius medium (33) . These bottles were incubated for 7 days at 45°C. Spores were collected after 90% sporulation, which was confirmed microscopically (14) . The collected spores were washed and resuspended in sterile distilled water after each of four centrifugations, two at 1,500 ϫ g for 10 min and two at 6,160 ϫ g, all at 4°C for 10 min. Lysozyme at 0.15 mg/ml was added after the second washing, and the pH was adjusted to 11 for the disruption of vegetative cells (26) . Spore suspension was stored at 4°C until use. Viable spores were enumerated by pour-plating on yeast extract soluble starch (YSG) agar (g/liter: yeast extract, 2; soluble starch, 2; glucose, 1; agar, 1.5) and Alicyclobacillus medium (Merck, Darmstadt) after thermal activations for 20 min at 70°C and for 10 min at 80°C, respectively (9, 10) . The inverted plates were incubated at 45°C for 5 days. Concentration of the spore suspension was 9.7 ϫ 10 8 spores/ml for Bacillus acidoterrestris thermophilic agar and 9.4 ϫ 10 8 spores/ml for YSG agar. Hot-filling processing. A Microthermics ultrahigh temperature-high temperature/short time unit (LAB-DH-25; Microthermics, NC) equipped with a spiral indirect-type tubular heat exchanger was used. After the juice was heated to 92°C and held at this temperature for 10 s, it was filled at 85°C through a sterile product outlet (SPO) in a class 100 laminar flow (Microthermics, NC). The unit was supplied with thermocouples (Omega T-type needle) and a data logger for thermal data acquisition (Fluke Hydra model 2625A) over the entire processing period. The flow rate applied was 1.7 liters/min. Thermocouples were located at the end of the preheating, holding, cooling, SPO, and cooling (by water spraying) units, and the temperature was recorded every 10 s. In addition, two pressure sensors were installed, the first at the preheater and the second at the cooler. A schematic figure of the Microthermics equipment used can be seen in Sant'Ana et al. (22) .
Industrial conditions were simulated by processing the juice at 92°C for 10 s, followed by filling at 85°C, bottle inversion for 20 s (for bottle cap disinfection), maintenance at 85°C for 150 s, and cooling to 35°C in about 30 min by water spraying. The juice bottles were kept at 85°C for 150 s in a temperature-controlled water bath in order to simulate surge tank maintenance before filling. Immediately before high temperature/short time-system feeding, the juice was inoculated with Ͻ10 1 or 10 1 A. acidoterrestris nonactivated spores per ml. After each process, a clean-in-place procedure was conducted as suggested by Ecolab.
Polyethylene terephthalate bottles (500 ml) with an outside diameter of 60 mm and a height of 205.6 mm and equipped with screw caps were used. The bottles and the caps were disinfected with 0.3% and 0.05% solutions (vol/vol) of peracetic acid (P3 Oxônia from ECOLAB, Brazil) in sterile water, respectively. After the contact time and the discharge of the peracetic solution, both bottles and caps were washed two times with sterile distilled water and then locked in sterile bags for further use (19) . This procedure took place 1 day before juice processing. The capping process was carried out in an aseptic filling unit (SPO) (class 100 laminar flow chamber). The caps were placed on the bottlenecks with the aid of a sterile pincer and closed manually.
Two sensors (PT 1000 and TMI-Orion NanoVACQ-L/1Tc) were inserted at the bottle cold point in two different bottles. Each sensor was installed in a bottle at the beginning and at the end of the filling process for each orange juice lot. This permitted temperature monitoring of filling, cooling, and shelf life temperature. The readings were collected at intervals of 10 s over the 3 h after filling. After that, they were collected at intervals of 1 h until the end of the storage cycle. Three flexible-type T thermocouples (Copper-Constantan) (TT-T36-Omega) were placed in the bottle before filling to collect data during water spray cooling.
Storage conditions and monitoring of A. acidoterrestris population in orange juice. The evolution of the A. acidoterrestris population was monitored under six different filling/storage conditions. The treatments were as follows: treatment 1, cooling down to 30°C at the bottle cold point followed by storage at 35°C; treatment 2, cooling down to 30°C for 48 h followed by storage at 35°C; treatment 3, cooling down to 25°C at the bottle cold point followed by storage at 35°C; treatment 4, cooling down to 25°C for 48 h followed by storage at 35°C; treatment 5, cooling down to 20°C during shelf life (6 months); and treatment 6, filling and storage at 25°C. For each condition two different levels of inoculum were applied: Ͻ10 1 and 10 1 spores/ml of orange juice; juice without inoculum was used as the control. Treatment 6 was examined with only a single inoculum of 10 1 spores/ml in order to evaluate if both filling and storage at 25°C could inhibit growth of A. acidoterrestris. Conditions 1 and 3 correspond to hot filling with quick cooling, while conditions 2 and 4 correspond to hot filling with slow cooling. In summary, in the treatments 1 to 5 the juice was hot filled while in treatment 6 it was cold filled.
After each experiment, at least 10 juice bottles were aseptically opened, subjected to serial 10-fold dilutions, and pour-plated into YSG medium, followed by incubation at 45°C for 5 days. Orange juice bottles from each treatment were taken and used to follow the time course of A. acidoterrestris growth by periodically sampling and counting in YSG medium. Growth curves were monitored until the microorganism reached the stationary phase under the different conditions studied. A period of 288 h (12 days) was established as a maximum time for analyzing control samples (without inoculum) since the juice was free from A. acidoterrestris spores, according to a previous microbiological examination. This was the maximum time for A. acidoterrestris to reach stationary phase and allowed monitoring of the growth parameters under most of the storage conditions (1 to 4) with both inoculum levels (Ͻ10 1 and 10 1 CFU/ml). On the other hand, treatments 5 and 6 were monitored over 6 months, the expected hot-filled orange juice shelf life. The time intervals for monitoring A. acidoterrestris growth were established based on previous experiments, which indicated a generation time of approximately 8 h.
Determination of growth parameters. Growth data were analyzed by the DMFit program (www.ifr.ac.uk/safety/DMfit) (3). The following bacterial growth kinetic parameters were estimated: lag time, (days); maximum growth rate, ; and maximum population ratio, , which represents the ratio of maximum concentration (log N) to the inoculum (log N 0 ), where N is the population at time t and N 0 is the initial population. By analyzing every growth curve, it was estimated that a 10 4 CFU/ml population of A. acidoterrestris was required to produce guaiacol detectable by a Kirin kit. Therefore, the time to reach this population Guaiacol detection. The Kirin kit method for guaiacol detection developed by Niwa and Kuriyama (15) was used. As spoilage strains of A. acidoterrestris carry the vdc gene responsible for guaiacol production, the method is based on the reaction of vanillic acid (a guaiacol precursor) with a peroxidase enzyme. This results in the formation of a dark brown compound, allowing easy visual judgment. The method has a guaiacol detection sensitivity of 25 g/ml. This test was applied to every sample as a measure of A. acidoterrestris growth.
Statistical analysis. Descriptive statistical calculations were applied to the data in order to determine the mean and standard deviation. Analysis of variance with a Tukey test was used at the 5% significance level to check for significant statistical differences among treatments, using Statistica, version 7.0 (Statsoft).
RESULTS
Typical thermal profiles after heating (hot-fill, cooling, and storage), corresponding to treatment 3 (25°C for the bottle cold point followed by storage at 35°C), were very similar for both bottles (Fig. 1) . These thermal profiles were obtained at the start and at the end of all processes (1 to 6), showing rigorous temperature control during the experiments. Table 1 shows the Baranyi estimates of growth parameters for every proposed treatment with the two inoculum levels studied. Data indicated that most of the A. acidoterrestris pre- b Control samples for treatments 1 to 4 were stored for 288 h, and for treatments 5 and 6, they were stored for 6 months. Data on treatment 5 were not included since no growth was observed during the 6 months.
c Maximum population of A. acidoterrestris in orange juice did not reach 10 4 CFU/ml after 6 months of storage.
dicted growth parameters were significantly influenced (P Ͻ 0.05) by either inoculum level or cooling/storage conditions. Overall, hot filling with quick cooling yielded lower , t10 4 , and values than hot filling with slow cooling. The value of was not significantly affected by the different treatments studied, except for treatment 1 with 10 1 spores/ml and treatment 6. Fig.  2 shows a comparison between treatments 1 (faster-cooling condition) and 4 (slower-cooling condition), both inoculated with Ͻ10 1 spores/ml. This figure illustrates the effect of slowcooling conditions in increasing (P Ͼ0.05) and values for A. acidoterrestris.
In Table 2 it can be seen that the time required to reach the target temperature during cooling was very close for both the quick and slow treatments. Despite this, the time to reach the target storage temperature (35°C) could be considered primarily responsible for the result that the and t10 4 values (P Ͻ 0.05) of treatment 3 were almost half those of treatment 4.
Lag time, , differed significantly (P Ͻ 0.05) among all the treatments but not between the two inoculum levels in the same treatment. Treatment 3 (at Ͻ10 1 spores/ml) did not show a significant difference (P Ͼ 0.05) compared with the two spore levels of treatment 1. It was observed that hot-filling with slow-cooling treatments (2 and 4) yielded higher values than hot-filling with quick-cooling treatments (1 and 3) . A value of up to six times higher than the others was obtained when cold filling was applied (P Ͻ 0.05).
In contrast to the value, the A. acidoterrestris growth rate () in cold-filled orange juice (treatment 6) was different (P Ͻ 0.05) only from treatments 1 and 4, which are, respectively, hot filling with quick cooling and slow cooling, with an inoculum level of 10 1 spores/ml. Again, no significant difference (P Ͼ 0.05) between spore inoculum levels in the same treatment was found. However, hot-filled orange juice cooling rates did not significantly affect (P Ͼ 0.05) the growth rate for treatments 1 and 4.
The data in Table 1 show that the higher the spore inoculum, the lower the values. This is because values are the difference between the log of the maximum concentration (N f ) and the inoculum (N 0 ). Therefore, is smaller for higher inoculum levels or when the maximum concentration is not reached (treatment 6, filling and storage at 25°C).
In treatment 5, hot-filled orange juice inoculated with Ͻ10 1 and 10 1 spores/ml of A. acidoterrestris showed no growth (Fig.  3) . Thus, guaiacol was not detected during the product shelf life (6 months). In contrast, in treatment 6 the counts of this microorganism remained stable until 240 h, when growth was observed. After this time interval, the count reached 10 3 CFU/ml but did not exceed 10 4 CFU/ml (Fig. 4) . Thus, t10 4 values could FIG. 2 . Experimental data and fitted models obtained for treatment 1 (cooling down to 30°C at the bottle cold point followed by storage at 35°C) and treatment 4 (cooling down to 25°C for 48 h followed by storage at 35°C) at the same inoculum level (Ͻ10 1 spores/ml). not be determined for these two conditions. As expected, higher t10 4 values were obtained for hot-filling treatments with slow cooling, either for 25°C or 30°C, which were also associated with the higher values. On the other hand, treatment 1 yielded the lowest t10 4 values. The data indicated that for treatments 1, 2 and 4, the inoculum level did not significantly affect (P Ͼ 0.05) the t10 4 values obtained. A comparison between two different inoculum levels in the same treatment, treatment 4 (cooling down to 25°C for 48 h followed by storage at 35°C), is shown in Fig. 5 .
DISCUSSION
In this study, several combinations of cooling temperatures were applied in industrial orange juice hot-filling processes. The growth parameters of A. acidoterrestris were estimated by applying the Baranyi model to the experimental data to determine the best conditions for avoiding the growth of A. acidoterrestris and orange juice spoilage. This is the first report on predicted growth parameters of A. acidoterrestris as affected by orange juice filling and storage temperature. As elimination of 
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A. acidoterrestris from fruits destined for hot-fill juice processing and, consequently, elimination of risks for spoilage episodes are not achievable in industrial practice, here we report and experimentally demonstrate for the first time the complete and partial inhibition of this microorganism when orange juice is stored at temperatures of 20°C and 25°C, respectively. As can be seen in Table 1 , quick-cooling conditions would lead to a reduction of , , and t10 4 values, which are the three most important parameters associated with A. acidoterrestris spoilage in the present study. This means that to some extent slow-cooling conditions lead to injuries in Alicyclobacillus spores. We hypothesize that under slow-cooling conditions, extra energy is spent by Alicyclobacillus to repair the damages caused by heat processing when cooling is finished. This would be a result of longer exposure to lethal temperatures under these conditions than under quick-cooling conditions, which leads to an extension of parameters such as lag time and . However, as the understanding of this effect was not in the scope of the present study, it could be addressed by further studies applying molecular biology or biochemical methods.
Lag phase extension is the most important parameter on which inhibitory food preservation methods rely. Thus, an extension of this parameter consequently resulted in an increase in the time to detect guaiacol or time to orange juice spoilage. Although the two inoculum spore levels studied here were not implicated in a significant difference between parameters (P Ͻ 0.05) under the same conditions, when quick-and slowcooling conditions are compared for the same storage temperature, i.e., 25°C or 30°C, the effect of the cooling rate can be clearly seen. For treatments at 25°C, slow cooling resulted in values that were identical with the values obtained with quick cooling. Fig. 2 shows that values for treatments 1 and 4 were extremely distinct (P Ͻ 0.05). Although in treatment 3 a quickcooling condition was used (cooling to the bottle's cold point), the orange juice bottles were thereafter stored at 35°C, which is a most adequate temperature condition for the growth of an acidothermophilic bacteria such as A. acidoterrestris. On the other hand, in treatment 4, the orange juice bottles remained stored for 48 h at 25°C before the best condition for bacterial growth was encountered. Thus, the lower the storage temperature is in the first 48 h of cooling, the higher is the lag time of the microorganism, which, as a direct consequence, gives the longest time to initiate detectable guaiacol production (t10 4 ) , which is about 130 h for treatment 6. When quick-and slowcooling conditions at 30°C are considered, this difference is no longer evident since the lag times for treatments 2 and 1 (at 10 1 spores/ml) were not significantly different (P Ͼ 0.05); however, in treatment 2, the values were slightly higher than those obtained in treatment 1.
The fact that was not significantly different among treatments 1 to 4 is explained by the fact that this parameter is dependent on the current growth environment, which was 35°C of final storage for all hot-filling treatments. Differences were found only when hot-filling treatments were compared with treatment 6, in which orange juice bottles were stored at 25°C, and with treatment 4 with an inoculum level of 10 1 spores/ml. Cooling rate affected A. acidoterrestris maximum population () for both spore levels studied. For the inoculum level of 10 1 spores/ml in treatment 4 (log N/N 0 ϭ 2.90), was affected by the storage period at 25°C for 48 h (followed by storage at 35°C). This can be considered a more severe condition for A. acidoterrestris growth (Fig. 2) among treatments 1 to 4. Despite the final storage at 35°C, the value was lower than in treatment 1 (log N/N 0 ϭ 3.26), where samples were not exposed to such conditions (treatment 1).
From Fig. 3 , it can be clearly seen that, despite the low efficiency of the thermal process and the surge tank maintenance simulation, the product remained stable, without guaiacol production, if the final storage was at 20°C. The literature gives conflicting results in relation to the minimum tempera- seems to define the safe storage of orange juice. In the present work, as the levels inoculated were Ͻ10 1 and 10 1 spores/ml and the critical count for guaiacol production is 10 4 CFU/ml, the only remaining barrier against growth was the storage temperature at 20°C. It seems that such a storage temperature could contribute to the microbiological stability of the hot-filled orange juice during its shelf life if A. acidoterrestris growth is the target. This storage temperature (20°C) does not require investments as high as those required to reduce temperatures to 4°C and can be considered as a good alternative to avoid A. acidoterrestris growth and spoilage of orange juice.
The experimental results and predictive curves of the coldfilled conditions are shown in Fig. 4 . In spite of the cold fill and incubation at 25°C, the microorganism was able to survive and germinate; this treatment provided a lag time about 2.5 times longer than treatment 6 (the worst condition for A. acidoterrestris growth in the context of treatments 1 to 4). Guaiacol production was not detectable by the Kirin kit since the population did not reach 10 4 CFU/ml. The mean generation time was around 16 h, which is twice that observed for the hot-fill treatments. If higher levels of inocula were used (Ͼ10 1 spores/ ml), the maximum A. acidoterrestris population could be higher than 10 4 CFU/ml, leading to orange juice spoilage. For treatment 4, varying the inoculum level showed that an inoculum of Ͻ10 1 spores/ml had a higher ratio (log N/N 0 ) than 10 1 spores/ml (Fig. 5 ). This is a result of the same N value found in both situations. This value was not higher than 10 5 CFU/ml in any situation. Furthermore, growth rates () were very similar, which shows that inoculum level does not greatly influence this parameter.
Using the Kirin kit, we observed that the time for guaiacol detection decreases with an increase in inoculum level. For instance, for treatment 2 (30°C at 48 h followed by storage at 35°C), with an inoculum of Ͻ10 1 spores/ml, the first positive sample for guaiacol was observed at 200 h, while with 10 1 spores/ml the first positive sample was observed at 120 h. The t10 4 (obtained from growth curves) values of this treatment ranged between 100 and 108 h when the inoculum level was 10 1 spores/ml and between 112 and 120 h when it was Ͻ10 1 spores/ ml. Pettipher et al. (20) analyzed guaiacol by gas chromatography-mass spectrometry and observed that a population of 10 5 CFU/ml was also required before A. acidoterrestris produced enough guaiacol to cause a detectable taint in fruit juices. Although the time estimated for guaiacol production varied from 100 to 108 h when the inoculum level was 10 1 spores/ml (Table 1) , the first positive result using the Kirin kit was at 120 h. This can be explained by the fact that a visual judgment is possible only above 25 ppm of guaiacol. Hence, t10 4 can be considered as a fail-safe value compared to Kirin kit results and an adequate parameter to avoid A. acidoterrestris spoilage. Although Alicyclobacillus sp. produces two main types of off flavors in fruit juices, guaiacol and halophenols (2,6-dibromophenol and 2,6-dichlorophenol) (6) , it seems that the first is the more important metabolite produced by this microorganism. According to Siegmund and Pöllinger-Zierler (23), this compound was found in five of the eight spoiled apple juices, while 2,6-dichlorophenol was present in only one sample. However, the use in the present study of a known guaiacol-producing strain (A. acidoterrestris CRA 7152) (18; also J. Delves-Broughton, personal communication) shows the adequacy of the Kirin kit. It is known that the role of halophenols should not be neglected as a source of off flavors from Alicyclobacillus (6), but due to the unavailability of rapid kits to detect this compound when the experiments were performed, the present study focused on guaiacol detection.
In conclusion, treatment 5 (storage at 20°C) was more efficient than any of the others since in this case the A. acidoterrestris population remained inhibited for the entire shelf-life of the orange juice. Treatment 6 (filling and storage at 25°C) could be an alternative for spoilage control if the contamination level does not exceed 10 1 spores/ml. Since contamination control by several strategies, such as fruit disinfection and heat treatment, is not enough to ensure A. acidoterrestris elimination from fruit juices, hot-filled orange juice should be stored at 20°C or below when contamination with this microorganism is observed. This measure can be considered a safe, easy, and inexpensive alternative procedure to avoid A. acidoterrestris growth during the orange juice shelf-life.
